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MEJHAITISMS OF REACTIONS OF OXINIZERS

A. Go Keenan

Chemictry Department, University of Miami
Coral Gables, Florida 3312

The following publications have apveared during the
poat year:
1. "Thermal Decomposition of Ammonium Perchlorate."
Ae Geo Kecnan and Rovert F. Siesmund, Quarterly Reviews (London),
23, 1430 (1963)¢ This article was based on Special Report No. 6,
dated 1 August 1968,

26 SPecial Report No. 7, dated 1 May 1969. A reprint of the
vaper "Silver and Codium Ion Transport Numbers into Pyrex from
Binary Nitrate Melts." A. f. Keenan and W. H. Duewer, Journal
of Physical Chemistry, 73, 212 (1969).

2. Special Report No. 3, dated 1. August 1969, A reprint of

the paver "Symergistic Catalysis of Ammonium Nitrate Decomposition."
A. e Keenan, K. Notz and N. B. Franco, Journal of the Americzan
Chemical Sosiety, 91, 3168 (1969).

lte "Determination of Water in Crystalline Ammonium Perchlorste
by Yigh-Resolution Proton Magnetic Resonance." A. G. Keenan and
Robert F. Siegmund, Analytical Chemistry, Ll, 1850 (1969).

s  Special Report No., 9, dated 1 January 1970. A reprint of
the above vaper.

6. "An Acidity Scale for Fused Potassium Nitrate." William B.
Lane, Ph.ND. Dissertation, University of Miami, January 1970.

7. "Kinetics of the Thermal Decomposition of Ammonium Perchlorate,"
Robert F, Siegmund, Ph.T. Dissertation, University of Miami, June
19570, '

A U, S. Patent Application, Serial No. 7.l.,939, entitled
"Synergistically Catalyzed Composite Oxidizer," A. G. Keenan and
Robert F., Siegmund inventors, filed on July 15, 1968, is still
pending, This invention concerns the catalysis of a mixed ammonium
nitrate/amnaonium perchlorate oxidizer by metal-excess chloride
catalysts. A Confirmatory License to the Government has been
executed.
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, ibetre ¢ of the corninleteu doctoral dicscertations in items
» »nd 7 above, follow., The resulte arc also befnc written upo
fox Journal yublication.

An Acidity 3cale for Fused Pctassium litrate,
{canuary, 1970) Abstract ol a Doctoral M ssertation by wWilliam
B. TLan, at the University of Miami,

An acidity scale based on oxide icn concentration hees been
ueveloped in fused K“C3 at -50%, A copnerecovner oxide ele~trode
of the secona xind has been shown to veunond to O?LQ? ion concen-
tration over fourteen orders of magnitude, 10-15L[0 -1&10"%,

The standard notent:ai of this electrode was found to be -(735.0 nv
ve a gilver- 2,50 wt ¢ silver nitiate reference. Oxide was added
as potassium oxalate which was shown to yield stoichiometric
avounts of oxide lon on decomposicion, 3olutions of guenched
iwielts were analyved titrimetrically to verify the stoichiomeiry and
*he valicity of fae scale in tus oxide *:a concentration regcica
10“L<f02“‘ <10"%, The equilibrium between (nromate, dichronate
"nd oxidenlions was 1nvesti Zated and the coriztant found to be

LeH2 x 107 in XN0; at 3;0 o The molal absorptxvitles of the
chromate and diohromate ione were letermined in the -ravelenzth
region 350 to )00 nm. Tae electromefﬁig acigity scale was che cked
in the oxide concentration range 107 € [0%71¢10"1065 yging

the value of X snd the concentrations of chromate and dighromate
ion determined spectrophotsmetrically. The values of p02‘ de=-
termained independently agree to within 3: in each range checked.,

Kinetlcs of the Thermal Decomposition of Ammoniun Porchlorats.
Juna 1970) Abstract of a Doctorsl Dissertstion by Robert F.

Siegmund at the University of Miami.

1y meana of ﬁhe N value in the Avrami-FErofeyev ecuation,
~los(le o) = [kt)", in the acceleratory region, the low tempera=-
ture (209-235%C) thermal decomposition of ammonium pornhlorate
wa3 found to be initisted solely at lettice dislocations and
defects. The aging effect exhibited by ammonium perchlorate was
found to occur as = result of the dislocations and defects
gnnealing out of the crystal lattice with time. The mresence of
a2 catalyst, copper chloride, or sample impurities, significantly
accelerated the reaction but did not alter the nucleation pro-
cess or the rate-determining step.

The ‘copper cation was found to be the species resvonsible
for accelerating the decomposition, exerting a maximum catalytic
effect at only 0.2" by welght copper chloride. The reaction
stoichiometry, although unchanged by recrystallization, was found
to be markedly altered by the addition of copper chloride.
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Tt is susrcsted that catalysis occurs asz a result of the
formation of ammine comolexea .hich tie up the =mmonis on the
cuvrface of the erystal and thereby prohibit the reversal of
the proton transfer reaction, Stuiies of the samole prepara-
tion procedure az a functicn of the evapcration temperature,
successive sample recrystallizations, and the conper catalyzed
Jecomposition were all found to be consistent with this theory.

In addition, s decrease in the dacomposition reaction rate
was observed for samples evaporated in the region of 30°C,
Thic is apparently due to the trapoing of adsorbed H 0 durin; the
ravid evanoration,
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In current research now underway, Mr. Goldstein is carry-
ing out comouter calculations of the energy of an ammonium per-
cnlorate lattice, both pure snd doped with interstitial atoms,

If the calculations are successful, they may possibly be used
to predict a priori the effectiveness of metallic catalysts on
ammonium perchnlorate decomposition and to understand the physical
Tfactors which are the cause of catalytic activity in this system.

A model of ammonium perchlorate has been simulated on the
IRM 360-65 computer and the effect of substitutional atoms and
defects on the crystal lattice energy calculated. The repulsive
energies were obtained from the Thomas~Fermi-Dirac (Abrahamaon)
model of rare gas ccnfigurations. Since the spherically symmetric
free rotating ammonium and perchlorate ions in the FFC crystal
resemble rare gas configurations in their outermost electron
shell, it is assumed that the repulsive contributions, at inter-
nuclear distances great enough to allow complete rotational {reedom,
are rcomposed almost entirely of the outer electron shell inter-
actioni. The repulsive energies for the substitutional ions Kt
and L1" were obtained from the same source, Lit was found to
lower the energy of the system more than K*, which is what would
be expected lfrom experimental observations on the rate decomposi-
tion,

The activation energy for the migration of a vacant lattice
site in FCC ammonium perchlorate has also been calculated using
a "defect" program. The repulsive parameters A and B of the Born-
Mayer equation were obtained from Wedepohl's equation by fitting
the parameters between 0.4 and 0.6 A. The energies of activation
for various types of migrations in various directions were con-
sidered, Qualitatively it can be determined which directions
would be most likely for vacancy migration. Positive ion vacancy
migration in the 110 direction appears to be a likely path,
Negative ion vacancy migration in the 110 direction is ruled out
because the energy is too large.
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Mr. Saier is extending the work of Dr, Siegmund on a
thermal anzlysic study of metallic catalysts for ammonium
verchlorate decomposition to other catalysts besides copper
chloride. The purpose of this work is to test out the
hypotheses put forth by Dr. Siegmund for copper catalysis
and to employ the general methods for catalyst evaluation
developed by him in a search for the most effective catalyst
combination. An attempt will be made to confirm the hypothesis
that metal catalysts operate through the formation of ammine
complexes by looking for correlations between catalytic activ-
ity and stability constants.

Mr. Fernandez is continuing the work of Dr, Lane on
electrometric acidity studies in fused salts with the aim of
extending the acidity scale, so far developed for KNO, at 350°,
to mixed nitrate eutectics and lower temperatures. If an acid-
ity scale can be developed at a low enough temperature to be
applicable to fused ammonium nitrate, further understanding can
be obtained of the decomposition mechanism of this oxidizer,
This knowledge in turn may be applicable to other oxidizers.

The measurement of the standard potential of the Cu/Cu0
electrode has been extended to mixed melts of Na/KNOse In an
eguimolar melt at 350° the value for the standard potential is
-559,0 m V with a two electron Nernst slope of -62.87 m V. The
standard potential is a surprising 117 m V more positive than
in pure KNOj;. The effect may be due to the greater polarizing
power of the sodium ion or to a change in the solubility pro-
duct constant of CuO0., 1In any event the large change ocaused by
change in solvent means that an interesting phenomenon is at
hand and that the measurements in mixed solvents should prove
fruitful, Some difficulty is being experienced dne to presumed
hydrolysis of the sodium salt but this can be overcome with
further exverimentation uvsing standard procedures.

Mr, Ferrer is working on a spectrophotometric study of the
spectra of copper ammine and chloro complexes in fused nitrates
in the visible UV region, This work is a continuation of the
studies on synergistic catalysis begun by Drs. Notz and Franco
and is aimed at getting a better understanding of the role of
copper complexes in the mechanism of the catalyzed decomposition
of ammonium nitrate. It has been shown ‘that it would probably
be very difficult to obtain sufficient resolution in the spectra
of various copper-chloro complexes in nitrate melts to be useful
for characterization of these complexes., The difficulty arises
from the high absorptivity of nitrate ion below about 350 nm,
Even though a blank solvent cell is used, the low transmission
strains instrument sensitivity. Attention will next be turned
to ammine complexes which in aqueous solution absorb at con-
siderably higher wavelengths.
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